Background: Physicians commonly screen for prostate cancer by using prostate-specific antigen (PSA) and digital rectal examination (DRE). The usefulness of these screening mechanisms is not well established, however. A meta-analysis of PSA and DRE to detect prostate carcinoma was conducted with a focus on sensitivity, specificity, and positive predictive value.
In most industrialized countries, prostate cancer is the most common cancer among men after skin cancer. A recent survey in United States showed that about 198,100 new cases of prostate cancer are detected every year, or 29% of all the diagnosed cancers in men, with about 39,200 deaths in 1998. 1 One in 10 men in United States will have prostate cancer diagnosed in his lifetime. 2 At the time prostate cancer is first diagnosed, in two thirds of the men the cancer has spread beyond the prostate. 3 Reviews of prostate cancer risk factors have not found major environmental risk factors amenable to primary prevention measures. 2 A slight increase in prostate cancer has been reported with high consumption of meat, dairy products, and fats. 4 Hence, prevention is not currently feasible. In turn, considerable interest exists in screening as a potential approach to control prostate cancer. 5 Since Kuriyama et al in 1980 6 developed an assay measuring prostate-specific antigen (PSA) in human serum, this antigen has become the most commonly used tumor marker for prostate cancer. PSA is a 33-kd glycoprotein consisting of 240 amino acids. It is a serine protease secreted by prostate into semen, where it causes lysis of seminal coagulum. PSA in blood occurs in three forms: free PSA, PSA complexed with ␣1-antichymotrypsin, and PSA complexed with ␤2-macroglobulin. 7 Digital rectal examination (DRE) is another test commonly used to screen for prostate carcinoma. Although DRE has not been found to be effective in preventing metastatic prostate cancer or death from prostate cancer in a case-control study and a quasi-cohort study, DRE does detect some prostate cancers that are missed by PSA screening. 2 Prostate cancer mortality has recently decreased by 6% after peaking in 1990s. It is hard to attribute this decrease to PSA screening implementation, because the effect is too proximate to the use of screening method. Also, there is no correlation between this drop in mortality and the intensity of the PSA screening conducted in various regions. Studies have shown that men with organ-confined prostate cancer managed with radical prostatectomy survive as long as men of similar age who never had prostate cancer. 8 Many studies have failed to show, however, any improvement in mortality or morbidity from screening for prostate cancer by whatever diagnostic test. 9 -12 Screening for prostate cancer remains a controversial issue. Even the American Cancer Society has modified its position on men eligible for prostate cancer screening from "should undergo digital rectal examination and PSA testing annually" to "recommends that both the PSA testing and digital examination be offered annually." American Academy of Family Physician and US Preventive Services task Force do not recommend routine screening in low-risk patients. 13 This study is a meta-analysis of existing research of PSA and DRE as screening tests for detecting prostate carcinoma. The data from this study should help primary care physicians decide whether to use PSA and DRE to screen for prostate carcinoma.
Methods

Study Selection
A literature search of OVID database (1966 to November 1999) using the medical subject headings "prostate-specific antigen" and "mass screening," as well as "prostate carcinoma," was performed. The search was restricted to Englishlanguage studies and conducted in human subjects. The inclusion criteria for the meta-analysis were (1) studies in which data were available or could be calculated for percentage of population with abnormal PSA, DRE, and biopsy findings, or sensitivity and specificity for PSA and DRE testing; (2) studies that included biopsy as a reference standard to prove prostate carcinoma; and (3) subjects who were asymptomatic for prostate carcinoma. Letters without data were not included. In these studies biopsies were performed if PSA levels or DRE findings were abnormal. A total of 83 articles were found and reviewed to select 13 articles. 3,5,7,14 -23 Data Abstraction Data were collected from the published studies only, without contacting the authors for additional information. The following parameters were collected or calculated from these studies:
1. Detection rate ϭ population with prostate carcinoma/total population screened ϫ 100 2. Percentage of local prostate cancer ϭ localized prostate carcinoma/total prostate carcinoma ϫ100 3. Biopsy/prostate cancer ϭ ratio of total biopsies performed to actual number of positive biopsies detected 4. Percentage of abnormal PSA ϭ population with greater than 4 ng/mL PSA as a percentage of total population screened 5. Percentage of abnormal DRE ϭ population with abnormal prostate examination on palpation (nodule, asymmetry, hard) as a percentage of total population screened 6. Positive predictive value of PSA (or DRE) ϭ percentage of positive biopsies/total positive PSA (or DRE) 7. PSA (or DRE) sensitivity ϭ percentage of abnormal PSA (or DRE)/total positive biopsies 8. PSA (or DRE) specificity ϭ percentage of normal PSA (or DRE)/total negative biopsies
Statistical Analysis
Parameter estimates from each study were used to calculate pooled estimates. Pooled estimates were weighted averages constructed using the study sample sizes as weights. In the same manner that disproportionate stratified sampling parameter estimates are adjusted for stratum size, this simple device ensures that the contribution of each study was proportionate to the size of the study and that extreme individual parameter estimates did not result in overestimation or underestimation of the pooled data. 24 The confidence interval for pooled data calculation was 95%.
Results
The data are shown in Tables 1, 2 , and 3. In some studies the data on sensitivity, specificity, and pos-itive predictive value were published; however, in other studies these were calculated from the original published data. Pooled parameter estimates for measures at the interval or ratio level of measurement could not be calculated without the raw data.
As shown in Table 1 , the overall detection rate for prostate carcinoma by biopsy was 1.8%, with a wide range of 0.6% to 3.9%. There was no specific correlation with the country in which the study was conducted. Of the total prostate carcinoma detected using PSA or DRE as screening tests, 83.4% were localized, with a range of 64.4% to 90.0%. The overall ratio of total biopsies performed to actual positive prostate carcinoma detected was 4.0, with a range of 3.7 to 8.9. Positive predictive value of PSA ϭ percent of positive biopsies/total positive PSA.
The positive predictive value, sensitivity, and specificity values for PSA are shown in Table 2 . A total of 10.1% of the population was positive for PSA Ͼ 4 ng/mL, with a range of 4.3 to 17.2 ng/mL. The positive predictive value was 25.1%, with a range of 17.0% to 57.0%. The sensitivity of PSA in detecting prostate carcinoma was 72.1%, with a range of 66.7% to 100.0%. The specificity of PSA in the detection of prostate carcinoma was 93.2%, with a range of 63.1% to 100.0%.
The data on positive predictive value, sensitivity, and specificity of DRE are shown in Table 3 . Overall, 5.0% of the population had abnormal findings on DRE, ranging between 4.2% to 19.3%. The positive predictive value for DRE in detecting prostate carcinoma was only 17.8%, with a range of 5.0% to 33.1%. The sensitivity of DRE in detecting prostate carcinoma was 53.2%, with a range of 49.0% to 69.2%. The overall specificity of DRE was 83.6%, with a wide range of 18% to 99.5%.
Discussion
There were two major outcomes of this meta-analysis. One was the potential for detecting early-stage prostate cancer with these screening tests, because 83.4% of total cancers detected was localized. The second important outcome was with the comparison of PSA and DRE as screening tools to detect prostate cancer. The overall sensitivity, specificity, and positive predictive value for PSA were 72.1%, 93.2% and 25.1%, respectively; and those for DRE were 53.2%, 83.6% and 17.8%, respectively. When a patient has abnormal PSA levels or DRE findings, the chance of having cancer is 1 in 4 or 5; conversely, when PSA levels or findings on DRE are normal, the chance of missing the cancer is about 10%.
There are two major limitations of the studies available for current meta-analysis. The most serious flaw is that these studies lack a control group that had no screening or treatment. 25 This limitation is not unique to prostate carcinoma studies. For many clinical studies it would be unethical to observe patients without providing the current standards of screening and treatment. The other limitation was a lack of biopsy results (the extant reference standard) for all the participating patients, specially those with normal PSA levels and DRE findings, because of the invasiveness of this test. As a result, all specificity, sensitivity, and positive predictive values reported in the published studies are potentially biased by the effect of aggressiveness in performing the biopsies and the variations in the determination of PSA levels and DRE findings. This point is well illustrated by the reported studies using a lower cutoff value of abnormal PSA levels. Two studies 26, 27 show that of a total population with prostate carcinoma, 14% have a PSA level of less than 3 ng/mL, 23% to 24% have a PSA level of 3 to 4 ng/mL, and 62% have a PSA level of more than 4 ng/mL. By using a currently accepted cutoff level of more than 4 ng/mL, we are able to detect 62% of prostate cancers, because 38% cancer patients have PSA levels of less than 4 ng/mL. Criteria for a clinically useful screening test are as follows 28 : (1) the disease must constitute a serious public health problem; (2) the disease must be able to be diagnosed during an asymptomatic, localized phase; (3) the screening test must have appropriate sensitivity, specificity, and predictive value; (4) the potential for cure must be greater among patients with prostate cancer detected by screening; and (5) improved outcomes related to screening must be shown. After these criteria are satisfied, the cost-effectiveness of the screening program must also be justified.
The importance of prostate cancer as a public health problem and that it can be diagnosed during an asymptomatic, localized stage easily satisfy using PSA and DRE as screening tools for the first two of the above-listed criteria; however, there are no clear answers for the remaining criteria.
An autopsy study of Detroit men found unsuspected prostate cancers in 30% of men in their 20s through 40s, and in more than one half of men older than 50 years. The prevalence of these unsuspected prostate cancers is frequently estimated to be about 33%. 2 These high rates of unsuspected prostate cancers are in sharp contrast to the 3.64% estimated lifetime risk of dying from prostate cancer, as well as lower pooled data of 1.8% detection rate of prostate carcinoma in the current metaanalysis. Once regional lymph node involvement occurs, the probability of death from prostate cancer is 70%, and 50% of those will die in 2 years. Prostate cancer is a real risk for the aging man, because almost 10% of men older than 50 years are likely to develop clinically serious disease; therefore, it must be detected at an early stage. 29 It is necessary to increase the sensitivity to detect more cancers at an early stage. In the current study, the sensitivities of PSA and DRE screening tests were 72.1% and 53.2%, respectively. Reducing the PSA cutoff point from 4 ng/mL to 3 ng/mL can increase the sensitivity, but doing so will reduce further the positive predictive value. 30 It is also well known that PSA values for prostate cancer and benign prostate hyperplasia overlap considerably. Between 21% and 47% of men with histologically proven benign prostate hyperplasia have PSA levels of more than 4 ng/mL, and up to 43% of men with prostate cancer will have a PSA level of less than 4 ng/mL. This overlap makes it harder to differentiate benign prostate hyperplasia from prostate carcinoma in the absence of a biopsy. PSA values also increase with age. 17 With prostate cancer, the risk of overdiagnosis is likely to be much more relevant than with other cancer screening, because in men aged 55 to 60 years, the risk of death from other causes is considerably higher than from prostate cancer. It is estimated that for every patient who dies of prostate cancer, at least 380 others have prostate cancer that cannot be detected clinically. 31, 32 The treatment of prostate cancer consists of radical surgery or radiotherapy, and both can cause complications, including a high frequency of sexual impotence, with a relevant frequency of major rectal and urinary dysfunction, as well as 1% to 2% mortality.
In the current study the positive predictive values for PSA and DRE are about 25% and 18%, respectively, which means 1 of 4 or 5 biopsies is unnecessary. Unnecessary biopsies can lead to multiple invasive procedures, anxiety to the patient, related complications, and high cost of health delivery. To reduce further unnecessary procedures, Oesterling 33 has proposed transrectal ultrasonography (TRUS) in the patient with elevated PSA levels but benign DRE findings, then biopsy of visible abnormal lesions only. If findings on the DRE are abnormal, the patient should undergo TRUS and then a biopsy, regardless of the value of PSA. From the rate of growth, a small, organconfined prostate tumor has been estimated to double in about 4 years. Thus, it will take about 15 years for a 1-mL tumor to become life threatening. It would be more straightforward to say that, until there is evidence about effectiveness of screening in decreasing mortality, based on these growth rates, a man would have at least 15 years of life expectancy to benefit from PSA screening.
The cost burden for prostate cancer screening was calculated by the authors from the current data based on fees charged at a urologist's office in New Jersey. In the United States, there are 30.8 million men older than 50 years who qualify for PSA screening. 34 The cost of screening all these men for PSA would be $3.1 billion. Of this population, 10.1% (approximately 3.1 million) will have PSA levels of more than 4 ng/mL. Assuming all patients with abnormal PSA levels are referred to a urologist for further evaluation, the first visit will cost $275 (for office visit, urine analysis, and culture). The second visit will involve sonography of the prostate, bladder, pelvis, and renal organs, as well as guided needle biopsy, which can cost $ 2,170 per patient. The total cost of these two visits will exceed $7.6 billion for 3.1 million men. Of 3.1 million biopsies performed, 75%, ie, 2.3 million, will be negative for prostate carcinoma.
We need more data showing improved mortality or morbidity before investing in these expensive procedures. In fact, such an answer might come after the PLCO (prostate, colorectal, and ovarian) screening study. This NIH/European randomized study of 148,000 patients to determine whether screening reduces mortality is expected to provide definitive results in 2005 to 2008. 35 
Conclusions
Our study showed that screening using PSA and DRE can detect 83.4% of prostate cancers in an early, localized stage. In contrast, two thirds of patients with prostate cancer have metastatic disease by the time they become clinically symptomatic. We must improve the sensitivity and specificity of the screening methods by using such tools as age-specific cutoff values, determining free and bound forms of PSA, correcting PSA for benign prostate hyperplasia, and standardizing DRE. More precise screening will permit detection of prostate cancer in a younger population and thus achieve compelling improvements in mortality and morbidity.
